ABSTRACT
Introduction
According to legend, Malba Tahan
Q4
-whose complete name was Ali Iezid Izz-Edim Ibn Salim Hank Malba Tahan -was an Arab writer who was translated into 20 Portuguese for Brazilian readers [19, 17] . However, in the first of many curiosities associated with Tahan, his translator, Breno Alencar Bianco, never existed. An interview with the author who wrote under the pseudonym of Malba Tahan revealed that Malba means 'oasisD 2 ' 25 and Tahan means 'miller' (of cereal grain) [5] . His short pieces were moral tales and beautiful stories written in an Arabian style that often touched on mathematical themes. These writings were a huge success, and in 1938, 30 Tahan published The Man Who Counted (O Homem que Calculava) [6] , which remains in print in Brazil to this day and has been translated into many languages. Two years later, The Man Who Counted was awarded a prize from the prestigious Brazilian Academy of Letters 35 ( Figure 1 ).
The story is about a traveller, Beremiz Samir, a Persian mathematician, who joins the narrator on a voyage that covers dozens of chapters. On the way our hero elucidates problems using his skills and abilities with num-40 bers, puzzlesD 4 and curiosities. We present a brief overview of the real man who wrote under the pen name of Malba
Tahan -a Brazilian mathematics professor, engineer, storyteller and writer named Julio Cesar de Mello e Souza (1895-1974) -and celebrate the 120th anniver-45 sary of his birth. We also reveal the origins, and discuss a related controversy, of one of his most well-known problems: the riddle of the 35 camels. We show all the 22 possible ways of dividing the inheritance of t jamals (camels) among three brothers ¡ allotting each brother 50 a fraction of the total ¡ that would permit the introduction of one, and the subsequent removal of two camels. More specifically, the division of t camels allots 1/a camels to the older brother, 1/b to the middle brother and 1/ c to the younger brother, with integers a, b, and c satisfy-filled with Bedouins, sheiks, viziers, caliphs, kings, queens, princes and princesses. The mathematical ideas are simple, gentle, interesting, curiousD 7 and accessibleand they drive each story. Arithmetic and geometric 70 puzzles abound. Beremiz, the main character, is blessed with a great ability for calculation and elucidates problems in mathematics and logic in a wide variety of intricate circumstances with great simplicity, talent and precision.
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This book narrates appealing adventures full of magic, many of which are inspired by Arab legends and tales -with myriad references to common terms and expressions in Arabic, such as Allahu Abkar! ('D 8 Allah is the Greatest!D 9 '), Maktub ('D 1 0 It is writtenD 1 1 ')D 1 2 and Salaam Alai-80 kum ('D 1 3 Peace to youD 1 4 ') -and by traditional teachings in Arab culture.
Tahan was born on 6 May D 1 5 1885, D 1 6 10 years before Mello e Souza [18] . However, the book is sometimes considered a literary hoax because Malba Tahan was a product 85 of the imagination of Julio Cesar de Mello e Souzaalthough Tahan later became a person, as will be shown below. Mello e Souza was an engineer and mathematics professor from Rio de Janeiro, Brazil, who never set foot in the Middle East.
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Born on 6 MayD 1 7 1895, Mello e Souza chose to teach mathematics after completing his engineering degree at college, and he wrote short stories in his spare time [5, 6] . He was a professor of civil engineering at the University of Brazil, now the Federal University of Rio de 95 Janeiro (www.ufrj.br). In 1918, the first of his stories was submitted to and rejected by the local newspaper, 'D 1 8 O ImparcialD 1 9 ' ('D 2 0 The ImpartialD 2 1 ') [5]. Later, he was widely published in Brazil and his columns and recreational books typically took the form of a series of tales -a la
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The Thousand and One Nights -revolving around mathematical puzzles, riddles and curiosities.
However, it is interesting that Mello e Souza's first attempts to publish his writings were neither easy nor successful, according to an interview recorded at the
105
Image and Sound Museum in the city of Rio de Janeiro As a teacher, Mello e Souza was critical of the educational methods used in Brazilian classrooms, particularly those used for mathematics [21, 22] . One of us was fortunate enough to have experienced some lectures by Prof. 145 Mello e Souza on the teaching of mathematics at São Paulo in the 1960s. He was frequently asked to lecture all over Brazil and gave more than 2D 3 1 000 such lectures [5] , in which he was consistently simple, gentle, motivating and brilliant.
150
Mello e Souza recognized that one of the greatest difficulties in teaching mathematics is the absence of truly meaningful contexts in which students can build connections to the subject matter. Thus, it is difficult to produce original stories based on mathematics that are 155 interesting to general readers, primarily because many of these readers have different ideas regarding the meaning of mathematics [7] . In the first occurrence along their journey (Chapter 3 of The Man Who Counted [19, 17] , 'D 3 8 Beasts of burdenD 3 9 '), Beremiz put an end to a heated inheritance quarrel between three brothers in the middle of the desert:
"We are brothers," the oldest explained, "And we
175
received thirty-five camels as our inheritance. According to the express wishes of my father half of them belong to me, one-third to my brother Hamed, and one-ninth to Harim, the youngest. Nevertheless we do not know how to make the division, and whatever one of us suggests 18, 12D 4 2 and 4 camels respectively, which means that they all profit from the new distribution. Of the remaining two animals, one was given back to the friend of Beremiz who had donated it, and the other was claimed by Beremiz as his reward for finding a solution.
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The translator's endnotes in Portuguese [19] observe that a variant of this problem, with 17 camels to be divided in the same proportions, is found in hundreds of recreational mathematics books, such as those of Gaston 1925) [9] , which are in fact cited by Tahan/Bianco. Karl Fink (1851D 4 7 -D 4 8 1898) also published such a problem [8] . However, the 17-camel version leaves only one animal at the end and there is no benefit for the estate executor as a consequence. There are more references to this mathe-210 matical problem than to the 35-camel version [13, 14] .
A widespread version of 'D 4 9 The 17 CamelsD 5 0 ' is also called the 'D 5 1 One Half C One Third C One Ninth problemD 5 2 ' in the history of mathematics. This problem was originally solved by dividing the camels in the proportion 1/2D 5 3 : 1/ 215 3D 5 4 :D 5 5 1/9, and the fact that the fractions did not add up to 1 was mostly ignored. Similar fractional problems (but with the sum equal to one) occur in texts from as early as the Rhind Papyrus dated to 1550 BC, now at the British Museum (www.britishmuseum.org).
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The 17-camel problem is well known in Europe and is allegedly of Arab-Islamic origin [1] . Some authors [13, 14] cite Niccolo Fontana Tartaglia (1500D 5 6 -D 5 7 1557) as the first to borrow an 18th animal, which was, in this case, not a camel but a horse. Other notable sources 225 such as Miodrag Petkovic (b. 1948) [12] , citing Tartaglia's masterpiece General Trattato (1556) [20] , wrote the problem as follows: 'D 5 8 A dying man leaves seventeen horses to be divided among his three sons in the proportions 1/2D 5 9 : 1/3D 6 0 : 1/9. Can the brothers carry out their 230 father's will?D 6 1 ' Unfortunately, it was not possible to find such a problem in the monumental works of Tartaglia [10] . However, no similar problem has been found in any older mathematics book. Some sources indicate that in approximately 1202 AD, Leonardo Pisano (or Fibonacci, c. 1170D 6 8 -D 6 9 c. 1250) [15] wrote something on this topic in his Liber Abaci, but nothing has 245 been confirmed by such references. Nothing similar was found even in existing versions of the first algebra book, written around 820 AD by the Persian mathematician and astronomer Abu Ja'far Muhammad ibn Musa AlKhwarizmi (c. 780D 7 0 -D 7 1 c. 850), called 'D 7 2 Al-kitab al-mukhtas ̣ar 250 fı h ̣isab al-gabr wa'l-muqabalaD 7 3 ' [11] , to the best of our knowledge. In this particular book there are many examples of divisions relating to inheritance and legacy among relatives that could inspire such a popular story about camels (or horses).
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We, thus, agree with Pierre Ageron (b. 1964) [1] about the incorrect and specific Tartaglia citation, which might have been attributed to an ambiguous formulation by Vera Sanford (1891D 7 4 -D 7 5 1971) [13, 14] . Some sources attribute the 17 camels problem to the great Ali ibn Abi 260 Talib (c. 600D 7 6 -D 7 7 661), who was a son-in-law and cousin of the prophet Muhammad (c. 570D 7 8 -D 7 9 632), and his first 
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The 17 camels (or horses) problem is interesting because it is necessary to contrive an artificial method (borrowing an extra animal) to simplify the fractional calculations. Thus, in the resulting calculation, it is possible to divide 17 C 1 and obtain 18:2 D 9, 18:3 D 6 and 275 18:9 D 2, which means that the sons receive 9, 6 and 2 animals. After this division, the borrowed animal is returned to its owner, and the problem is solved.
To the best of our knowledge, Mello e Souza was the first to propose 35, not 17, animals to divide in a 'One Q5
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Half C One Third C One Ninth problem.D 8 8 'D 8 9 He remains famous both in Brazil and around the world for clearly presenting a picture of what can be understood as 'D 9 0 abstractD 9 1 ' or even 'D 9 2 pureD 9 3 ' mathematics using interesting recreational solutions to a vast set of problems and riddles.
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In particular, the 'D 9 4 35 camels problemD 9 5 ' can also be considered to be an example of thinking 'D 9 6 outside the boxD 9 7 ' of mathematics, as Beremiz receives a just reward for solving an inheritance dispute that seems not to have a solution.
In the general case, n animals should be divided 1/2, 1/3D 1 0 9 and 1/9, for d D 17 C 1 camels, for example (please remember that one was borrowed!). In short, a solution in whole numbers should satisfy the Equation (1):
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In other words, the number (d ¡ D 1 1 0 1)/d should be expressed as the sum of three reciprocals, which is the same as solving 1/a C 1/b C 1/c C 1/d D 1. We refer to Equation (1) 
340
Applying the same line of thinking to the 35-camel problem, we write 'D 1 1 5 Tahan's EquationD 1 1 6 ':
One solution of this Equation (2) is a D 2, b D 3 and 345 c D 9 and t D 36 D 35 C 1, which would enable the addition of one and subsequent removal of two camels. Again, it is important to note that the three fractions 1/a, 1/b, 1/c do not add up to one. Following Stewart's approach, we rewrite 'D 1 1 7 Tahan's EquationD 1 1 8 ' asD 1 1 9
Without loss of generality we may assume that a b c t, where the right-most inequality is required to ensure that each son receives at least one camel. From 355 Equation (3), it follows that 2 a 5. To see this, we note that a 6 ¼ 1; as a D 1 would make the left side of Equation (3) too large, and a6 would yield a maximum value of the left side of Equation (3) of only 5 6 < 1. Similar arguments result in restrictions on b andD 1 2 0 c, specifi-360 cally, a b 8 and b c 18. The maximum value for c of 18 is an interesting restriction, which arises by letting a and b be as small as possible, setting c D t and then solving for c in Equation (3). We can then obtain t by solving Equation (3) for t: Table 1 
Please see the Appendix for a general, systematic 375 approach for solving such problems, in which any number of brothers are bequeathed camels in any proportion. The approach shown there can be used to find solutions by hand, and also lends itself readily to implementation as a computer algorithm. Using the notation of the 380 Appendix, Tahan's 35-camel problem is of the form (1, 1, 1, 2; 1).
Conclusion or D 1 2 2 final D 1 2 3 comments
The Man Who Counted is delightful on two counts: it features lively recreational mathematics problems, and it is Korean, French, Serbian, Croatian, German, Arabic and Italian, and it is recommended as a paradidactic source in many of these countries. Mello e Souza earned first prize for Tales and Novels from the prestigious Brazilian Literary Academy in 1940 for his most popular work, as shown in Figure 1 . In Brazil, National Mathematics Day is held every May 6th in his honour, according to Brazilian Law Project 3.482-E.
The 17 camels problem follows Muslim traditions, and Mello e Souza recognized his inspiration [17] , using 410 a different way and considering 35 camels, which resulted in a small gain of two jamals in exchange for borrowing just one camel. We agree with Stewart [16] that in this beautiful problem 'D 1 2 6 the psychology of the puzzle is almost as fascinating as the mathematics.D 1 2 7 ' There 415 are in fact 22 
We use the notation (n 1 , …, n k ; m) to refer to such a 570 problem. With a bit of rearrangement, we can see that the original One Half + One Third + One Ninth problem is one solution to the underlying (1, 1, 1, 1; 1) problem, and Tahan's version with two borrowed camels takes the form (1, 1, 1, 2; 1).
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As Stewart noted [16], we can see that there are only finitely many values of t 1 that could possibly arise in a legal solution. Certainly we must have n 1 /t 1 m, and so t 1 n 1 /m. Furthermore, note that t i t 1 for all i, meaning that n i /t i n i /t 1 . Thus we must have
581 from which it follows that t 1 (n 1 C Á Á Á C n k )/m. There are therefore only finitely many values of t 1 that we need to check between these lower and upper bounds. But 585 note that for any given value of t 1 , the remaining t i must satisfy a simpler problem of the form (n 2 , …, n k ; m ¡ n 1 /t 1 ). Thus we may conclude that there are only finitely many choices for every t i in this process, and finitely many possible solutions overall.
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Furthermore, this argument immediately suggests a recursive procedure for finding all solutions: first consider all legal values of t 1 , then for each such value consider all possibilities for t 2 , and so on. Stewart expressed the solutions arising from this recursive procedure in the 595 form of a tree [16] , similar to the one shown in Table 1 , starting with a D t 1 D 2. Of course, under the very reasonable assumption that individual camels cannot be further subdivided, we must check each of these solutions to ensure that they satisfy the "arithmetic condi-tion" mentioned in the paper, namely that t i divides t for all i.
